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Abstract

We propose a theory known as the Hyland model to help conceptualise Fibromyalgia within a complex adaptive control
system. A fundamental assumption is that symptom generating mechanisms are causally connected, forming a network
that has emergent properties. An illness narrative has been developed which has a ‘goodness of fit’ with the lived
experience of those with Fibromyalgia. The theory guides management within the clinical setting and incorporates
current evidence-based therapeutic strategies, within a multi-modal intervention described as ‘Body Reprogramming’.
This intervention focuses on non-pharmacological and lifestyle-based considerations. The theoretical framework also
helps explain why modest therapeutic effects are gained from current pharmacological options.
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Introduction chronic fatigue syndrome and irritable bowel syndrome.
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plans. The enquiry encapsulates the ongoing difficulty with
adopting an epistemological framework, uniformly accepted
by both patients and clinicians.

Fibromyalgia (FMS) presents a complex set of scientific
and clinical challenges in definition, aetiology and diagnos-
tic criteria, which result in a lack of consensus regarding
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are increasingly referenced under the umbrella term of
Central Sensitivity Syndromes (Yunus, 2007a). Whilst spe-
cific biomedical diseases are defined by unique pathophysi-
ological fingerprints, functional disorders are identified by
perceived patterns or clusters of symptoms. (Ceko et al.,
2012; Kumbhare et al., 2018). Since diagnosis is viewed as
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a cornerstone of western medical practice, considerable
uncertainty is introduced when it is based on the presence
of a variable pattern of multiple symptoms (Srinivasan
etal., 2019).

Further to this, the biomedical model of disease places
emphasis on obtaining objective independent evidence to
corroborate symptoms through clinical examination, imag-
ing and laboratory investigations, all of which are typically
negative in functional disorders. The lack of pathological
changes can result in clinical ambivalence, communication
related confusion and therapeutic dissonance at various
stages on the patient journey (Arnold et al., 2008). It is little
wonder that there is diagnostic turbulence from both clini-
cal provider and recipient perspectives. We therefore pro-
pose that a paradigm shift is required to provide a more
acceptable epistemological framework for phenomena such
as FMS.

Diagnostic labelling

The provision of a diagnostic label, in itself, often helps
legitimise a symptom complex, particularly when there
has been prolonged clinician and patient uncertainty. Delay
in this labelling or naming is common in FMS, with a
mean time in excess of 2years, and multiple clinicians
often seen prior to diagnosis (Choy et al., 2010). A vali-
dated diagnosis of FMS can initially nurture satisfaction,
reduce stigmatisation and potentially reduce healthcare
utilisation (Asbring and Narvanen, 2002; Hughes et al.,
2006; White et al., 2002).

Naming with a diagnostic label, is often seen as an
important step in creating meaning; although this is far
from being universally accepted by health-care profession-
als (Bidari et al., 2018; Undeland and Malterud, 2007).
Whilst modern medical practice expects rigour from the
labelling process, a prime function of diagnosis is to help
the patient derive meaning regarding the illness experience
itself (Madden and Sim, 2006). In functional disorders,
patient enthusiasm can be undermined, as the negative
aspects of the diagnosis or labelling, including lack of cura-
tive options, changed personal and occupational relation-
ships along with poor prognosis, impact on the subsequent
perception of their illness (Briones-Vosmediano et al.,
2013). Relabelling FMS under a more utilitarian umbrella
term such as Central Sensitivity Syndrome is unlikely to
overcome this problem, as in most cases this does nothing
to ameliorate these negative sequelae.

There can be a sense of medical illegitimacy with diag-
noses such as FMS and Chronic Fatigue Syndrome/ME,
particularly amongst other medical specialities (Madden
and Sim, 2006). However, new diagnostic criteria for FMS
were introduced in 2010 by the American College of
Rheumatology (ACR), but these were modified in 2011
with further modifications again in 2016 (Wolfe et al.,
2010, 2011, 2016). There is still ongoing debate regarding

their utility, particularly with substantial clinical heteroge-
neity within the diagnosed population (Kumbhare et al.,
2018). Further to this, non-specialists can have a subopti-
mal understanding of the condition and clinicians are vari-
able in their compliance with applying diagnostic criteria:
some preferring to rely on clinical acumen and professional
judgement for diagnosis (Hayes et al., 2010; Perrot et al.,
2008, 2012; Walitt et al., 2016).

In generic terms, diagnosis offered within a biomedical
framework can help patients begin to develop an under-
standing of the illness experience. However, Madden and
Sim (2006) suggests that this requires a ‘goodness of fit’
between diagnosis and the illness experience. If there is a
mismatch between the conceptual meaning of the diagnosis
and the experience of the condition, then the diagnosis may
not be accepted, resulting in ongoing confusion and uncer-
tainty. Adamson (1997) also suggests that receiving a diag-
nosis of an illness is not a specific finite event, but rather a
process of discovery that evolves over time.

In FMS, quantitative research cannot provide a clear
account of patients’ personal illness narratives and percep-
tions (Furness et al., 2018; Sturge-Jacobs 2002). In contrast,
a meta-synthesis of the qualitative literature on the subjec-
tive experience of FMS identifies four central themes: expe-
rience of symptoms, search for diagnosis, legitimacy and
coping (Sim and Madden, 2008). This reflects the ambigu-
ous and heterogeneous nature of FMS symptoms and is
therefore likely to challenge the patient’s understanding.

We propose that the clinical narrative provided to
explain the patient experience during the diagnostic jour-
ney is central to cementing therapeutic engagement and
fostering hope for the future. The narrative will help give
meaning to the diagnosis (Hill, 2019; Hyland, 2017).

Biological and psychological paradigms

Numerous theories exist to help health care professionals
explain the symptoms and underlying aetiology of FMS,
with the most plausible suggesting the involvement of sev-
eral interplaying mechanisms. These include blunting of
inhibitory pain pathways, central sensitisation, alterations in
neurotransmitters and mental health comorbidity (Abeles
etal., 2007). Since 1990, studies have attempted to delineate
clinical sub-groups using the initial FMS classification cri-
teria, in the search for specific pathophysiological mecha-
nisms, but without success (De Souza et al., 2009; Giesecke
et al., 2003; Loevinger et al., 2012; Turk et al., 1998).

The dominant, biomedical pathological framework, is fre-
quently applied to functional disorders, but whether viewed
from a biological or a psychological perspective, neither ade-
quately explains the actiology nor subsequent symptomology
displayed in these disorders (Hyland, 2017). Biological
approaches include theories explaining functional disorders
in terms of endocrine, immune, autonomic or neurological
abnormalities, including central sensitisation and dysfunction
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(Kolacz and Porges, 2018; Nielsen and Henrikkson, 2007;
Tanriverdi et al., 2007; Yunus, 2007b). However, the symp-
tom profile is inconsistent between patients diagnosed and
these theories have only opened modest therapeutic avenues.

The psychological paradigm has nurtured theories often
based on the concept of psychological distress, directly or
indirectly linked through atypical behaviours, resulting in
the emergence of multiple somatic symptoms (Barsky and
Borus, 1999; Fietta, 2007; Henningsen et al., 2018; Malin
and Littlejohn, 2012; Nolen-Hoeksema, 2014). These latter
explanations typically put forward the psycho-analytic
notion that mental distress has evolved into body symp-
toms. In addition to being scientifically untestable, this
approach has resulted in fractious clinical consultations and
often hostile rejection by patients and support groups
(Bekhuis et al., 2020; Rief and Broadbent, 2007).

Clinical evidence does support the notion that both bio-
logical and psychological factors impact on the develop-
ment of functional disorders (Fitzcharles and Yunus, 2012;
Gupta and Silman, 2004; Khalil et al., 2016; Lyon et al.,
2011; Stanford and King, 2009). Developing an intermedi-
ary based understanding that incorporates both biological
and psychological events could be useful for researchers,
clinicians and patients. This is possible without leaving the
current paradigm, but merely extending its scope and we
would argue that it is therefore unlikely to provide the para-
digm shift needed to foster a more mutually acceptable nar-
rative and epistemological framework.

New conceptual model: Hyland model

A conceptual model favoured by the authors for under-
standing FMS is the Hyland model (Hyland, 2017). This
has its scientific origin in Adaptive Network Theory, a form
of Complexity theory. It builds on previous literature, rec-
ommending the development of integrated approaches
based on complexity and network dynamics, for under-
standing physiological adaptation in health and disease
(Baffy and Loscalzo, 2014). Previous authors concur that
FMS cannot be understood through the prevailing linear-
reductionist biomedical model and have utilised Complexity
theory in FMS, conceptualising the condition as a failed
attempt of our autonomic system to adjust to a hostile envi-
ronment (Martinez-Lavin et al., 2008, Martinez-Lavin and
Vargas, 2009).

The Hyland model considers a more comprehensive
complex adaptive framework, within a network system. The
fundamental assumption made is that symptom generating
mechanisms are causally connected, forming a network that
has emergent properties (Melidis et al., 2018). It is well
established that individual body systems adapt to stressors
(McEwen, 2008). For instance, the immunological system
will develop a more effective response following repeated
exposure to infective organisms and will also respond to
psychological stressors (Segerstrom and Miller, 2004).

Haematological adaptation will occur at high altitude and
musculoskeletal development will follow exercise.

The adaptive network theory however goes beyond sim-
ple, single system adaptation to propose a more complex
set of processes, involving a combination of events (Hyland,
2017). We would suggest that interrogation of this dynamic
complex process, within a network-based system, may help
gain novel insights into the changes noted in the widespread
symptomology displayed by people with FMS.

The body can be considered as an intelligent system,
with control systems operating at both biological and psy-
chological levels. The former has multiple systems includ-
ing immunological, neurological, haematological,
autonomic, endocrine and metabolic systems. The psycho-
logical control systems will incorporate those relating to
threat, drive and ‘soothing’ including behaviour orientated
to goals (Gilbert, 2014). The Hyland model is based on the
proposal that biological and psychological factors form part
of the same complex adaptive control system: a control sys-
tem that has both biological and psychological mediated
inputs, as well as biological and psychological outputs
(Hyland, 2011, 2017; Melidis et al., 2018).

The model considers the functioning of control feedback
loops, when they are repeatedly challenged by external
inputs: physiologically described as the allostatic load
(Ramsay and Woods, 2014). This may result in an allostatic
state: defined as a chronic deviation of regulatory systems
away from their normal state of operations, to establish a
new set point (Koob and Le Moal, 2001; Ullmann et al.,
2019). Sustained stressors can result in allostatic overload,
which can have an adverse impact on the maintenance of
stability within the system. Continued stressors will influ-
ence the parameters of the control system, including modi-
fication of the reference criterion (set target or goal) or
potential change to the gain (amplification factor) within
the system. An adaptive example of resetting the reference
criterion would be lowering of basal heart rate following
regular exercise. In FMS aberrant responses to psychologi-
cal and physical stressors are often noted, with higher sus-
tained heart rate and lower variability (Galvez-Sanchez
et al., 2019; Reyes del Paso et al., 2011). This maladaptive
change can frequently result in a secondary biomedical
diagnosis of Postural Orthostatic Tachycardia Syndrome
(POTS) (Staud, 2008).

An example of maladaptation in gain is seen in the
bowel symptomology frequently noted in functional disor-
ders, with its amplified cyclical pattern of diarrhoea and
constipation. Another is in temperature dysregulation with
patients fluctuating from feeling too hot to too cold. The
resetting of the control loop to the sustained allostatic load
will also influence the interconnecting network of control
systems, as the organism attempts to maintain overall sta-
bility. Conceptually, in the Hyland model (2017), this inter-
connecting network functions as an intermediary controlling
mechanism.
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Figure |. Evolution of functional disorder symptom clusters utilising adaptive network theory. (a) Each node represents a
symptom cluster relating to an individual control system. (b) Increased level of adaptive activity in a specific node when the control
system is challenged. (c) Represents modulation of activation level of other control systems (nodes) via connective pathways. (d)
Increased strength in casual connections between nodes with chronic activation. (e) Increased activation of secondary nodes further
activate other nodal connectivity. (f) Continued activation results in reduced differentiation between symptom clusters (nodes)

resulting in more widespread symptomology.

The symptom clusters displayed within individual con-
trol systems can be represented as an interconnecting net-
work of ‘nodes’ within the body. As the level of activity in
one node increases, it will also modulate the activation lev-
els of other nodes to which it is connected, as well as result-
ing in the modulatory connections between them becoming
more active (see Figure 1). As a consequence, differentia-
tion between symptom clusters may become less obvious
and trigger more widespread symptomology. Networks
thus can adapt through alterations in the strength of the
causal connections between the different nodes. Instability
within the system, is more likely to occur when the network
has less time for instigating change.

Melidis et al. (2018) describes a network created dur-
ing a machine learning analysis, whilst testing the adap-
tive network explanation of functional disorders, whilst
their data is consistent with two types of networks; namely
symptom networks and adaptive networks, the former
cannot explain the covariation of all the symptoms
assessed in the study. Their findings suggest that whatever
the underlying mechanisms (depicted as nodes), the
mechanisms causing the different symptoms are not inde-
pendent but are causally related to each other. The algo-
rithm from their recent study produced 11 clusters of
symptoms (nodes). Nine of these clusters mirror clinically
meaningful groups of symptoms. The suggested cluster
labels include; hypothalamic-pituitary-adrenal, limbic,
atopic, central sensitisation, gastric, fatigue and cognitive,
gastric, mood, micro-capillary and small nerve fibre
related (see Figure 2).

This modelling also demonstrated that the ability to dif-
ferentiate between the diagnostic categories FMS, CFS/ME
and IBS becomes significantly less in the high, compared
with the low symptom severity groups, which is consistent
with the adaptive network theory. This theory may help
explain the development of more widespread and unpre-
dictable symptoms, as well as the increased severity noted
when an individual with FMS deals with other sustained
stressors such as infection, physical deconditioning or emo-
tional trauma. Thus, symptom patterns appear to coalesce
into similar manifestations with increasing severity. This
suggests that a patient who has been labelled with FMS,
CFS/ME and IBS should perhaps be considered as having a
unified presentation, rather than having three separate med-
ical syndromes.

This concept of a more systemic paradigm has been sug-
gested by other authors in trying to account for such wide-
spread symptomatology. For example, Hill (2019) suggested
that such phenomena should be considered, not as a result of
structural, pathological, psychological or autoimmune
abnormalities, but as the product of a catastrophically dys-
regulated neurological protection system, that over-reacts to
normal input, which is regarded as a potential threat.

The Hyland model (2017) introduces the theoretical
constructs of ‘stop signals’ and ‘stop programs’ develop-
ing within the framework of this integrated mechanism.
Stop signals are considered as adaptive symptom clusters,
triggered by either biological or psychological events,
designed to change and generally inhibit behaviour. The
former will include responses to infection and tissue
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Figure 2. Reprinted from Melidis et al. (2018), with
permission from Elsevier. Creation of an adaptive network
algorithm for functional disorders from a machine learning
analysis of symptoms. Each node in the graph corresponds to
a cluster with the size of the nodes scaling according to the
number of symptoms contained in each cluster. The edges
connecting the nodes represent the connections between
the clusters. Their size varies with respect to the strength

of each connection, showing the value difference between
in-coming and out-going connection for each edge. (1)
Fatigue/cognitive — 9 symptoms. (2) Hypothalamic-pituitary-
adrenal — || symptoms. (3) Limbic system — 7 symptoms.

(4) Atopy (IgE) — 5 symptoms. (5) Central sensitisation — 8
symptoms. (6) Gastric — 6 symptoms. (7) Frequent urination
— | symptom. (8) Mood — 4 symptoms. (9) Micro-capillary — 2
symptoms. (10) Tinnitus — | symptom. (I 1) Small nerve fibre
— 7 symptoms.

damage, triggered in part by inflammatory mediators.
Psychological events include responses to a perceived
failure to achieve life goals, repetition of goal orientated
behaviour (reactive inhibition) and emotional difficulties
(such as anxiety or threat responses). Thus, pain is
regarded as a stop signal to reduce movement, in order to
minimise further trauma and fatigue as a signal that aims
to reduce over-activity.

The model suggests that if these symptom clusters or
‘stop signals’ consistently fail to modify behaviour and are
overridden, suppressed or ignored, the control system is
likely to potentiate these signals and so change the param-
eters, including the reference criterion (default position or
goal) as well as having persistent amplification (gain)
within the control system. These ‘stop signals’ now become
’stop programs’ as the network control systems fail to
respond appropriately and adaptation continues, even after
elimination of the initiating event or events (see Figure 3).
In physiological terms this has become a maladaptive allo-
static state.

Psycmmgy \ Persisting
Emotional Changes Symptoms
Repetitive Perceived
Goal Oriented l Failure

Activity \ /

o

=

STOP
PROGRAM

/ \
Infection / .,\ Poisoning

Injury Over-Activity ;i;ﬁ:;ﬁ?zﬁ
Changes

Figure 3. Development of biological and psychological stop
signals into stop programs.

Hyland model evolution of stop signals

+ 0 IR

Figure 4. Pictorial representation of the evolution of stop
signals to facilitate an explanation of the Hyland model.

Hyland suggests that conditions such as FMS occur
when there is persistence in goal orientated activity, despite
the manifestation of ongoing ‘stop signals’ (see Figure 4).
Three main reasons are proposed as driving this process.
Social or family obligations driving a superordinate goal,
secondly continuation whilst experiencing ongoing physi-
cal or psychological trauma, where there are few alterna-
tives available to the individual. The third reason is one not
typically considered by other theories, namely that the per-
son is engaged in an activity which is so absorbing or inter-
esting, that they fail to consciously register the ‘stop signals’
or are inhibited until the symptom complex overwhelms.
To put it another way; the mind continues to write cheques
that the body cannot cash. The body, by way of upregula-
tion of causal network connections, “shouts louder” and by
way of maladaptation of the control systems, ‘stop pro-
grams’ are developed.

The Hyland model narrative

We have established that diagnosis performs a key role in
medicine. Jutel (2010) proposes that medical diagnosis
explains, legitimises and normalises. Diagnosis is thus
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central to medicine, but it has been further suggested that a
medical condition is only as real as its definition (Bell,
2014). A social model of health would emphasise that a
diagnosis needs to be contextualised: as well as being
shaped by the biomedical evidence, it needs to be shared in
a way that provides meaning for both clinician and patient.

Any illness narrative should be accurate, but under-
standable to patients and carers, and crucially, have ‘good-
ness of fit’ with their lived experience. Only then will the
sharing of a diagnosis allow personal control that facili-
tates, rather than inhibits, the patient’s active engagement
with their therapeutic journey. In utilising the adaptive net-
work theory, this requires describing symptom clusters and
problematic control networks in a way that resonates for
both patient and clinician.

In the Hyland model narrative, the human body is
described through the analogy of a sophisticated computer
(Hyland et al., 2016). This narrative was developed together
with patients suffering from FMS, perhaps a key factor,
since “the chief criterion of the truth of any psychothera-
peutic formulation is its plausibility” (Frank, 1986). Thus,
the narrative relating to why patients are ill should not only
be plausible for the clinicians, but also crucially for patients
in order to have a positive effect (Locher et al., 2019).

Both body and computer can develop hardware and soft-
ware problems. The hardware relates to the structural com-
ponents, including the specific physiological systems
within the body. Components can be broken, such as frac-
tured limbs, or require component replacement, such as
‘worn-out’ joints needing prosthetic surgery or considered
as an under or overpowered system, such as in hypothy-
roidism/ hyperthyroidism.

The software relates to the operating system, incorporat-
ing information processing within the body, and directing
hardware function. Using this metaphorical narrative, a
guide authored by Hyland, suggests that the software con-
sists of instructions that are sent throughout the body (Body
Reprogramming: Patient Guide, 2017). An important dis-
tinction within this model, is that it does not consider soft-
ware and hardware in terms of a dualistic Cartesian
framework of ‘mind and body’. All too often clinicians will
utilise the term ‘software problem’ as a euphemism for
mental health or psychiatrically focused explanations. The
Hyland model, however, considers the software as distrib-
uted throughout the body and integral to its function. This
includes the information processing between the neurologi-
cal (including brain), autonomic, endocrine, metabolic and
immune systems. These all incorporate symptom clusters,
represented by the aforementioned interconnecting adap-
tive network, as control system nodes.

FMS and other central sensitivity syndromes can be
described as software issues in this narrative. The Hyland
model specifically describes them as ‘stop programs’. The
narrative can be helped by initially describing the

symptoms experienced in response to a significant stressor;
such as when a person suffers from an influenza infection.
These symptoms include overwhelming fatigue with post-
exertional malaise, widespread discomfort (including joint,
bone and muscle ache) often with cutaneous hyperalgesia,
a non-refreshing sleep pattern, perceptual sensitivity to
light, noise and smell, temperature dysregulation, postural
dizziness and nausea. Rather than conceptualising these
symptoms as directly caused by the infection, these can be
considered as powerful ‘stop’ signals generated by the
body, to ensure that its resources are prioritised to deal with
this potential threat to the existence of the individual. The
symptoms manifested will also include mental fatigue to
ensure that cognitive activity is also minimised. These stop
signals thus inhibit the individual from undertaking more
routine activities, whilst it deals with this priority threat.

The model suggests that the feedback loops which result
from a failure to respond to the stop signals due to ongoing
physical, cognitive or emotional stressors, will result in sus-
tained control system changes, in the form of amplified stop
signals, generating greater symptomology (see Figure 4). In
essence, the ‘body shouts louder’. The idiosyncratic nature
of these signals suggests an interplay of genetic, epigenetic
and environmental factors is likely to be influencing the
development and maintenance of the proposed stop pro-
gram in FMS.

Therapeutic application: Body
Reprogramming

Whilst provision of a diagnosis, coupled with a well-con-
structed and plausible narrative, can be beneficial in pro-
viding meaning, it should also provide guidance for
therapeutic direction. Hyland (2017) suggests that the nar-
rative should provide all the stakeholders with an informa-
tion map about the route out of the condition, as well as
helping understand the individual’s route in.

In adopting this model, the focus of a therapeutic strat-
egy is to attempt to ameliorate the ’stop program’ and return
the control systems closer to their original homeostatic
state. The computer analogy can be useful again, with the
focus on how to resolve a ‘software’ problem and how this
differs from ‘hardware’ malfunction. The former requires
focus on the information processing within the system,
rather than replacing, modifying or repairing specific com-
ponents. This conceptualisation offers the individual an
explanation as to why current specific biomedical therapeu-
tic options are less likely to offer a definitive cure for the
widespread symptomology noted in FMS.

The 2017 European League Against Rheumatism
(EULAR) revised guidelines for FMS (Macfarlane et al.,
2017) recommends a number of individual non-pharmaco-
logical options, including exercise, meditative movement
therapies or mindfulness-based stress reduction; although,
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only exercise was given a strong recommendation in this doc-
ument. A limited number of pharmacological therapies were
given ‘weak’ recommendations in the presence of disabling
pain (duloxetine, pregabalin, tramadol) or sleep disturbance
(amitriptyline, cyclobenzaprine, pregabalin). It suggests that
psychological therapies, should be considered for those with
mood disorders or unhelpful coping strategies. In the case of
lack of effect, individualised treatment should be considered,
according to patient need. Since the size of effect for most
treatments in FMS is relatively modest, EULAR propose
research priorities to clarify who might benefit from specific
interventions, effect of options in combination and the organi-
sation of healthcare systems to optimise outcome.

The Body Reprogramming therapeutic approach, based
on the Hyland model, mirrors non-pharmacological evi-
dence-based modalities recommended within EULAR
guidelines (Body Reprogramming: Patient Guide, 2017).
The underlying rationale is to encourage patients to adopt
strategies that do not create stop signals and ameliorate stop
programs. A key message is that doing ‘nothing’, by pas-
sively accepting stop programs, will not help reset these
problematic control systems.

Principles incorporated within Body
Reprogramming

There are three main principles underpinning Body
Reprogramming, which are designed to help support the
body systems and importantly reduce the sense of threat by
providing it with new information that can be positively

assimilated within its control networks or software. The
three principles are:

(1)
2)
)

Avoid creating new stop signals.
Ameliorate the stop programs

Support the body’s hardware and software longer
term.

Within the Body Reprogramming intervention, these prin-
ciples are developed through a series of lifestyle manage-
ment considerations.

Changing activity

Three activity patterns often scrutinised in chronic pain are
relevant for consideration: avoidance, overdoing and pac-
ing (Cane et al., 2013). Avoidance and overdoing are typi-
cally associated with negative outcomes, whereas, pacing is
associated with positive outcomes. The avoidance pattern
appears the strongest predictor of poor psychological and
physical function, as well as greater pain interference, how-
ever, this may also be a correlate of severity of presentation.

High level of action proneness and “overactive” lifestyle
have been suggested as predisposing risk factors and per-
petuating factors for functional syndromes and counters the
deconditioning hypothesis (Van Houdenhove et al., 2001).
Pacing is associated with less pain interference and better
psychological function, but there is marked variability in
approach and response (Antcliff et al., 2019; Murphy and
Kratz, 2014; Racine et al., 2018, 2020).

There are two main theoretical models guiding pacing
treatment: namely Operant Theory and Energy
Conservation (Nielson et al., 2013; Racine et al., 2019).
The former informs adaptive pacing behaviours that aim
to limit the extent to which somatic symptoms control
activity goals, whilst the latter alternatively encourages
interventions which preserve activity, to help reduce pain
and fatigue (Macfarlane et al., 2017). Considerations
such as naturalistic and programmatic pacing, as well as
symptom-contingent versus ‘time-based’ activity pacing,
add conceptual complexity. The difficulty in assessing
the impact of ‘pacing’ in functional disorders is high-
lighted in the PACE trial, where adaptive pacing therapy
is compared with cognitive behavioural therapy and
graded exercise therapy (White et al., 2011). Debate on
the study findings rages on years later and continues to
divide patient and professional opinion (Sharpe et al.,
2019; Wilshire et al., 2018).

The Body Reprogramming approach focuses on consid-
ering ‘changing activity’, rather than using the term pacing
as a core therapeutic strategy. Activity is monitored primar-
ily on a temporal basis. Hyland uses the concept of ‘reac-
tive inhibition’ to underpin the need to encourage change of
activity on a regular basis (Hull, 1943; Torok et al., 2017).
The ‘Pomodoro technique’ framework (Cirillo, 2007) is
utilised for developing this strategy, with the recommenda-
tion that no routine activity is undertaken continuously for
longer than 25 minutes without a break. For people with
more severe symptoms, this timeframe will be considerably
less.

Cognitive based activity, as well as physical exercise
should be incorporated. More recent research on human
factors has countered the belief that vigilance tasks are
undemanding assignments, requiring little mental effort.
Indeed, converging evidence using behavioural, neural,
and subjective measures, shows that utilising active cog-
nitive control systems, particularly involving attentional
processing, requires hard mental work and is stressful
(Ariga and Lleras, 2011; Thomson et al., 2015; Warm
et al., 2008).

Prolonged cognitive tasks, as well as physically based
ones, are therefore just as likely to promote the creation of
further ‘stop signals’. The concept of ‘changing activity’ is
modelled within the Body Reprogramming group setting
and patients are encouraged to experiment with ways in
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which they may adapt and ‘change’ how they are approach-
ing activity.

Relaxation and stress reduction

Whilst stress has been described as; “a fact of life” (Niazi
and Niazi, 2011), the relationship between stress and illness
remains complex. Short term stressors can have a positive
developmental impact on immune control systems, but
chronic stressors are often detrimental, particularly when
severe and protracted (Segerstrom and Miller, 2004). The
impact of chronic stressors will emerge as a function of the
timing and the duration of the exposure, as well as interac-
tion between gene effects and previous exposure to envi-
ronmental adversity (Lupien et al., 2009). One of the Body
Reprogramming strategies is to desensitise the systems to
threat and recalibrate the sense of risk, to the extent that
there can be ‘safeness’ in the world and that the body can be
taught this.

This is likely to become a particularly challenging strat-
egy following the recent pandemic crisis with its health and
economic ramifications. An increased incidence of long-
term fatigue and pain was noted after the Severe Acute
Respiratory (SARS) outbreak in 2003 (Lam et al., 2009;
Moldofsky and Patcai, 2011). The emergence of what is
being called ‘Long Covid’ (Greenhalgh et al., 2020; Nabavi,
2020) where symptoms persist for some months after the
acute episode, would be predicted by the Hyland model.
The model would suggest that we are likely to note a dis-
proportionate increase in sustained symptom clusters due to
a range of prolonged stressors resulting from the COVID-
19 pandemic, such as social isolation and financial con-
cerns. This exposure to additional and chronic stressful
situations is likely to increase hypervigilance, exacerbating
symptom clusters relating to anxiety, as well as threat-
based cognitions. It may also undermine the body’s ability
to down regulate and facilitate recovery.

Stress reduction and managing the threat response, both
physically and psychologically, are core considerations in
avoiding further stop signals. ‘Stop programs’ typically
drive higher arousal and threat levels and so people with
FMS will find it extremely difficult to perform relaxation
tasks, as the body remains primed for its next challenge. It
is key that people are aware of this difficulty in undertaking
relaxation strategies or mindful activity, to avoid counter-
productive self-criticism or even abandonment of this ther-
apeutic arm of the programme. The Body Reprogramming
approach should be individualised, introducing different
stress reduction options which can then be self-selected.

In order to enable the body to reduce its level of per-
ceived threat or alertness, the theoretical underpinnings
dovetail well with the third wave cognitive-behavioural
approaches including Mindfulness based Cognitive
Behavioural Therapy, Acceptance and Commitment (ACT)

based therapy, as well as Compassion Focused Therapy
(CFT and Attachment-based compassion therapy [ABCT])
(Feliu-Soler et al., 2018; Hayes et al., 1999; Hyland, 2011;
Montero-Marin et al., 2018; Ruiz, 2010). Within a compas-
sion framework, patients gain insight about the ‘threat’,
‘drive’ and ‘soothe’ systems. This more systemic evolution
of psychologically based therapy, incorporating emotional
elements, is more promising, as relaxation therapy as a uni-
modal treatment option has not proven to be effective in
FMS (Thieme and Gracely, 2009).

The primary method for helping patients to do things
that ‘fly under the radar’ of their body’s stop signals, is to
help them learn how to pay attention to their bodies in more
intuitive and compassionate way. A key component of the
Body Reprogramming approach is the targeting of premor-
bid hyperactivity and self-orientated perfectionism, partic-
ularly relating to ongoing heavy demands and high
self-imposed expectations which often result in neglect of
bodily needs (Grisart et al., 2018).

Level 1 evidence exists for the effectiveness of mind-
fulness-based stress reduction in FMS, although the
EULAR conclusion is for weak positive recommenda-
tion. Improvements in pain were noted immediately post
treatment, compared with usual care and active control
interventions, however, EULAR suggests that the effects
were not robust against research bias (Lauche et al.,
2013; Macfarlane et al., 2017). More recently, evidence
of cost-effectiveness of ACT and Mindfulness-Based
Stress Reduction in FMS has emerged, when compared
against pharmacological options, multicomponent inter-
vention and usual care (Luciano et al., 2017; Pérez-
Aranda et al., 2019).

Mindful activity

Controlled trials have supported the benefit of exercise in
both CFS/ME (White et al., 2011) and FMS (Macfarlane
et al., 2017) with EULAR suggesting exercise as the gold
standard intervention in the latter. In FMS, the EULAR
review indicates consistency of benefit with regard to aero-
bic and strengthening exercises, although there is insuffi-
cient evidence to suggest superiority of one over the other,
with both land and aquatic exercise appearing equally
effective. A recent Cochrane review indicated an improve-
ment in aerobic exercise of between 6% and 11% in pain,
fatigue, stiffness, physical function and health related qual-
ity of life, over a 6-month period (Bidonde et al., 2017).
Perceived benefit from exercise however is not universally
reported by patients or support groups (Jones and Liptan,
2009; Sharpe et al., 2019; Wilshire et al., 2018).

The Hyland model may help explain the differing per-
ceptions between health care professionals and recipients.
A suitable analogy would be that you should avoid acceler-
ating in a vehicle whilst the brakes are still applied. Thus,
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during ‘stop programs’, the person is encouraged to under-
take activity which stimulates reduction rather than exacer-
bation of the stop signals.

The Hyland model supports a more mindful approach to
activity, rather than poorly controlled or aggressive exer-
cise regimens, particularly during symptom flares. It
encourages optimal movement that reconditions the body
to the idea that movement does not have to be experienced
as threatening or dangerous. A gradual intensity progres-
sion in activity can be nurtured as symptoms ameliorate. As
previously mentioned, ‘doing nothing” will not reduce or
eliminate stop signals, but counterproductively stimulate
them further as the body deconditions.

Since the publication of the latest EULAR guidelines
there has been a further well-designed randomised con-
trolled trial comparing aerobic exercise with mindful activ-
ity, in the form of Tai Chi (Wang et al., 2018a). Tai Chi
compared favourably with acrobic exercise, with a clini-
cally significant difference observed between the higher
intensity Tai Chi programme (twice weekly for 24 weeks)
versus aerobic exercise. The drop-out rate for aerobic exer-
cise also appeared higher than the Tai Chi groups, perhaps
indicating greater difficulty adhering to an aerobic exercise
programme. The authors suggest that it may be time to
rethink the type of exercise that may be most effective and
in particular what types or combinations of activity that
patients may embrace longer-term (Wang, 2018b).

A further development which would sit well within the
framework of the Hyland model is controlled graded activ-
ity, within a virtual reality (VR) programme. This may
prove particularly appealing in a more socially distancing
culture. It has emerged as an effective form of therapy
within a variety of patient populations (Jansen-Kosterink
et al., 2013; Park et al., 2015). A non-immersive version of
VR, involving physical activity called ‘exergames,” has
shown positive physical improvements as well as increased
cerebral blood flow, particularly in people with FMS diag-
nosed more recently (Collado-Mateo et al., 2017; Villafaina
et al., 2019). If used within the Body Reprogramming
approach, the duration of all sessions should be optimised
to reinforce the aforementioned principle of changing
activity regularly.

Positive psychology and well-being

A pioneering proponent of positive psychology, Seligman
et al. (2005), describes it as; “the scientific study of opti-
mal human functioning, that aims to discover and promote
the factors that allow individuals and communities to
thrive”. This was a radical change in promoting attention
onto the positive aspects of human life, rather than the
negative and pathology orientated understandings (Kim
et al., 2012; Wood and Tarrier, 2010). If we return to our
computer analogy, it is worth considering how software
problems are usually overcome. New information by

means of an updated software program is typically down-
loaded and in a similar fashion, the Hyland model suggests
a forward-looking therapeutic approach, focusing on per-
sonal well-being and growth.

Providing patients with an appropriate narrative, which
also validates their experiences, is a key component of the
Body Reprogramming approach. As well as reducing fear
and frustration, this narrative also can improve the subse-
quent clinician-patient relationship and foster positive
active engagement and expectations (Ashe et al., 2017).
Well-being is subsequently explored once this explanatory
narrative is agreed, through a focus on choices, attitudes
and behaviours. Positive emotions are reinforced as well as
nurturing personal values. The Hyland model encourages;
“doing things that you enjoy” whilst reducing self-critical
motivations, as an aspect of reducing stop signals. Again 3
wave CBT approaches (ACT and CFT) as well as Gratitude
therapy, provide suitable vehicles for structuring this com-
ponent of the group-based Body Reprogramming course
(Peters et al., 2017; Toussaint et al., 2017; Wood et al.,
2010).

Role of medication

EULAR guidelines (Macfarlane et al., 2017) mirror previ-
ous guidance, that non-pharmacological therapies should
be the mainstay of management in FMS and that these are
based on availability, cost, safety and patient preference
(Fitzcharles et al., 2013). There also appears to be acknowl-
edgement that pharmacological options typically provide
modest symptom relief and are of questionable clinical
benefit (Niiesch et al., 2013). Recent guidelines are clear
that strong opioids have no role to play in the long-term
management of FMS (Goldenberg et al., 2016; Littlejohn
et al., 2016; Painter and Crofford, 2013). Pharmacological
options with weak EULAR recommendations include only;
low dose amitriptyline, pregabalin, cyclobenzaprine, dulox-
etine, milnacipran and tramadol whilst all other medica-
tions have no positive recommendation for use outside
research considerations. It should be noted that these phar-
macological studies assess relatively short-term usage of
the medication, (6—12 weeks) with few studies confirming
sustained benefit with long-term usage.

The Body Reprogramming approach considers the use
of medication, particularly polypharmacy for pain, through
a session facilitated by a health care prescriber. Adaptation
typically occurs to analgesics with a central mode of action
and patient feedback mirrors this perceived reduction in
efficacy over time. The Hyland model suggests that the
lack of appropriate response to ‘stop signals’ results in the
body ‘shouting louder’. It makes little sense to use medica-
tion to subdue ‘stop signals’, whilst the patient also contin-
ues to maintain lifestyle management strategies which have
been contributing to the severity of the presentation.
Prescribing analgesics may inadvertently result in
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potentiation of stop signals, by rendering the intolerable,
falsely tolerable. The long-term role of medication is lim-
ited and may explain the weak research findings for phar-
maceutical agents overall. The model would suggest that
any minor role for medication, specifically for FMS symp-
tomology should be restricted to a time limited, supportive
measure, to facilitate a change in lifestyle and adoption of
other non-pharmacological options. To continue to merely
add analgesic medication as a sole therapeutic strategy may
well cause iatrogenic harm.

Nutrition aspects

The gut is often described as the second brain and is closely
linked, via the limbic system, to the brain itself (Young,
2012). The gut microbiota has a role in this two-way interac-
tion between the gut and the brain (Ridaura and Belkaid,
2015). The gut-brain interaction provides an important frame-
work for understanding health complaints (Gershon, 1999).

Practical implications of the brain-gut relationship are
exploited in the Hyland model in several ways. Eating
when stressed has a number of pathogenic consequences,
not limited to obesity, so patients are advised to avoid eat-
ing whilst stressed and provided with lifestyle advice as to
how this can be avoided (Canetti et al., 2002). Time of eat-
ing is important, as the gut is governed by a circadian
rhythm, as well as linked memories for time of day when
eating takes place (Voigt et al., 2016). Patients are provided
with information about regularity of eating and the way in
which the body prepares or does not prepare for food. The
effect of happiness whilst eating is discussed, in relation to
creating a link between eating and positive experience
(Zhou and Foster, 2015).

Nutritional advice is consistent with contemporary guid-
ance, but with an emphasis on creating a healthy gut micro-
biome (Singh et al., 2017). The effect of insulin and insulin
resistance on inflammation is considered in relation to die-
tary habits (Shimobayashi et al., 2018). We would like to
emphasise that an important part of this section of the inter-
vention is to steer patients away from untested and difficult
to follow diets.

Implementation of the Body
Reprogramming intervention

Behavioural change interventions typically incorporate
three broad groups of interconnected components. This
includes the theory, through which the intervention can
influence change, the content and the form of delivery.
Once theory and content are established, form of delivery
should be considered a crucial ‘active ingredient’ in deter-
mining intervention effectiveness (Dombrowski et al.,
2016). It should perhaps be noted that it is generally diffi-
cult to test an underlying treatment theory due to its unfal-
sifiable aspects (Gaab et al., 2016; Roth et al., 2005).

Delivery elements will include provider characteristics
and training, mode of delivery, intervention intensity, venue,
materials, tailoring and style. Hoffmann provides a suitable
itemised checklist for the form of delivery of behaviour
change interventions (Hoffmann et al., 2014). These compo-
nents will impact on patient engagement, adherence and
longer-term adoption of intervention content.

The Body Reprogramming approach can be offered to
patients in a variety of ways, both online and face-to-face,
as well as being considered either individually or as a
group-based intervention. The Body Reprogramming
patient guide was constructed with active patient collabora-
tion, helping to ensure clarity and relevance. This literature
allows reinforcement of the Hyland model narrative, in
both primary and secondary care settings.

Finite health care resources require that implementation
of any intervention is delivered in a manner seen as accept-
able to service commissioners, providers and patients.
Form of delivery is also important in the context of health
inequalities and needs to ensure that it does not dispropor-
tionately exclude those from more disadvantaged back-
grounds (Hoffmann et al., 2014). Restricting access
exclusively to digital media platforms may have an adverse
impact on the elderly and those from deprived backgrounds,
although there is evidence of therapeutic benefit (Macfarlane
et al., 2016; NHS Digital Report, 2019; Peters et al., 2017;
Swancutt et al., 2019).

Group based programmes have been adopted to support
delivery of many health-care interventions in chronic con-
ditions, including pain and obesity management. From an
economic perspective they allow for efficient use of staff
time and so may impact favourably on waiting times for
treatment (Swancutt et al., 2019). They also may confer
health benefits beyond efficiency considerations, by alter-
ing members’ perceptions, beliefs, expectations, and behav-
iour patterns (Borek and Abraham, 2018). The shared social
identity may help structure patients’ engagement with the
intervention content and initiate changes in behaviour.
However, there is an incomplete understanding of the com-
ponents and course characteristics that optimise behaviour
change from these complex interventions.

Group based interventions to support the self-manage-
ment of chronic musculoskeletal pain, suggest more favour-
able outcomes when there is health professional input
(Carnes et al., 2013). Those incorporating a psychological
component show more consistent beneficial effects over
the follow-up period (Taylor et al., 2016). Longer-term out-
comes, however, are infrequently reported for group pro-
grammes and those that do report, are again mainly
restricted to chronic musculoskeletal pain, rather than
chronic widespread pain (Volker et al., 2017). Longer and
more individually tailored interventions (>8weeks) are
likely to produce better longer-term outcomes, but their
cost-effectiveness needs to be considered (Monticone et al.,
2017; Rasmussen et al., 2017; Wertli et al., 2017).
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Figure 5. Adaptation of Lippitt model for influencing complex change processes.

Influencing change management

Implementation of the Hyland model within a therapeutic
programme for FMS should incorporate more than the pro-
vision of a specific cognitive or behavioural skill set. It pro-
vides healthcare professionals with a rounded integrative
approach to facilitate clinical improvement.

To operationalise this paradigm shift successfully in a
healthcare system, it is helpful to utilise a theory for com-
plex change management (Mitchell, 2013). There are many
theoretical frameworks that have been applied to healthcare
systems. One of the original theorists Kurt Lewin, influ-
enced others such as Lippitt who developed a model for
influencing complex change processes, incorporating five
key elements: Vision, Provision of Skill Set, Incentives
(Commitment), Action Plan and Resources (Lippitt, 1987;
Shirey, 2013). This model provides a framework that can be
applied both at the level of individual and a systems’ change
perspective (see Figure 5).

The first component in this model necessary for success-
ful change is the ‘vision’, which can be understood in the
current context as an acceptable narrative, for both patient
and clinician. Without this narrative there is no guiding
force to trigger change and confusion may ensue when new
skills are suggested by healthcare providers. The second
step requires the development of a skill set to nurture the
change process. Here, the skill sets include mindful activity
and other well-being strategies. Without the development
of appropriate skill sets, anxiety is likely to be heightened,
potentially interrupting the change process.

The incentives component, when applied to self-man-
agement support programs, should perhaps be reconceptu-
alised as the incentives to maintain the new self-management
behaviours, once the programme has been completed
(Finlay and Elander, 2016). Without this component,
change can stagnate and will be unsustainable. Indeed, one
of the commonest challenges to consider is the sense of

abandonment experienced by some recipients at the end of
a therapeutic process. A challenge facing all self-manage-
ment support programs is how to ensure long term support,
without encouraging passivity and dependency. Resources
can include time, perhaps social prescribing options and
most importantly peer support for maintaining the new
behaviours, rather than resorting to previous patterns,
which may retrigger the ‘stop’ programs. This component
is integral to encouraging change, without which frustra-
tion will ensue. Finally, an action plan helps define the
individual’s strategic direction, without which false starts
can prevail. An action plan can also direct both patient and
primary care provider, following completion of a specialist
programme.

Instigating and maintaining complex change, such as
that suggested by the Body Reprogramming approach,
requires the facilitator to address all five of these integral
components. This will be necessary whether therapeutic
input is undertaken on an individual or group basis. The
latter, in particular, will require a high level of professional
understanding, particularly in tackling the dynamics of
group programmes.

This framework is also helpful when considering how a
healthcare approach might be organised. For example, one
potential strategy is to introduce a tiered approach to group
programmes, with the provision of a community pro-
gramme for those less severely impacted by the condition
and a more comprehensive specialist setting for people
with more complex needs. Developing such a strategy
involving multiple stakeholders requires attention to the
same five components advocated by Lippitt.

Discussion

Translating a theoretical model into a successful therapeu-
tic approach should provide meaning to both provider and
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recipient, support evidence-based therapeutic avenues and
ultimately improve prognosis. Currently, long-term prog-
nosis is poor in FMS. Walitt undertook a large scale longi-
tudinal study, demonstrating that 5-year outcomes for
patients receiving expert care produced no average clini-
cally meaningful improvement in symptom severity overall
(Walitt et al., 2011). Whilst there has been variable outcome
data in smaller studies, this study typically mirrors feed-
back from patients, patient support groups and clinicians
working in this field (Henriksson, 1994; Kennedy and
Felson, 1996; Schaefer et al., 2016).

The Body Reprogramming approach has been translated
from the Hyland theoretical model and appears to provide a
robust framework for therapeutic management. The com-
ponents dovetail with EULAR recommendations and
indeed the underlying model was also recently predictive of
the relative benefits of mindful activity versus aerobic exer-
cise (Pérez-Aranda et al., 2019). Early evaluation appears
to demonstrate proof of concept for the Body
Reprogramming approach and service improvement data
relating to this is also highly encouraging (Dee et al., 2019).
Further evaluation will help clarify its position as a suitable
alternative epistemological framework.

Conclusion

Patient engagement, including active participation in
therapeutic interventions, typically requires the provision
of a healthcare approach that reflects the illness experi-
ence. This can be challenging in conditions such as FMS,
where current explanations often fail to provide this nec-
essary legitimisation. The Hyland model offers a theory-
driven and plausible narrative, which appears to align
itself as an integrated paradigm, allowing incorporation
of biological, psychological, emotional and social con-
siderations. Crucially, this narrative and its application
does appear to resonate with patients.
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